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Select: Symmetry BreakingSymmetry lies at the core of bilaterian development. Although mostly maintained, in some circumstances it is broken
purposefully to create asymmetric structures, such as the heart. Recent discoveries reveal previously unappreciated
strategies for maintaining or breaking symmetry in flies, nematodes, zebrafish, and mice and explore the functional
consequences of disrupting these morphogenetic processes.The genital plate of the Drosophila pupa goes full circle.
Shown at the initial (0) and halfway (180) points. Image cour-
tesy of S. Noselli.Apoptosis Throws Organs for a Loop
During the pupal stage of Drosophila development, the genital
plate completes a 360 rotation around the body axis. A new report
by Suzanne et al. (2010) shows that this dramatic morphogenetic
event results from the movement of two concentric rings of cells
that surround the genital plate. Each ring rotates by 180, such
that the inner ring completes the full 360. Prior work has shown
that the loss of myosin ID (MyoID), a left-right patterning determi-
nant, switches the direction of rotation of the genital plate from
clockwise to counterclockwise. The authors now show that when
MyoID is inactivated in only one of the two ring domains, the rings
rotate in opposite directions, with the net effect of canceling each
other out. Curiously, this places the genitalia in the same position
as where they normally end up in wild-type flies, and males with‘‘nonrotating’’ genitalia appear none the worse for wear in terms of fertility. Of course this begs the question, why bother
undertaking this developmental ‘‘loop-de-loop’’? The answer, according to the authors, lies in Drosophila’s evolutionary
history. At some point, one of its ancestors switched from having its genitalia at the 180 position back to 0 and made
this change through the duplication of the functional module that created the initial 180 rotation. The authors further explore
the trigger for the movements and provide evidence implicating localized apoptosis at the anterior regions of the ring bound-
aries. Thus, they propose a model in which cell death releases the rings from neighboring tissue, thereby acting as a brake
release mechanism. Future work may examine what initiates apoptosis in these cells to trigger the movement and may
also spur others to assess the impact of apoptosis in initiating other types of morphogenetic movements.
M. Suzanne et al. (2010). Curr. Biol. Published online September 9, 2010. 10.1016/j.cub.2010.08.056.Visualizing cellular dynamics
during chiral morphogenesis
in C. elegans embryos. Image
courtesy of Z. Bao.Putting an Unusual Twist on Embryogenesis
In C. elegans, left-right asymmetry first arises early in embryogenesis at the transition between
the 4- and 6-cell stages. Pohl and Bao (2010) now show that this initial skew is reinforced and
elaborated at the 8-cell stage by a unique morphogenetic phenomenon that the authors term
chiral morphogenesis. During chiral morphogenesis, themidline, which divides the embryo into
left and right sides, is uncoupled from the antero-posterior axis, such that the midline becomes
tilted to the right. This facilitates differential induction byNotch signaling to distinguish cell fates
on the left versus the right side of the embryo. At the subcellular level, the authors observe left-
right asymmetric protrusions and actomyosin contractility in otherwise equivalent sister cells
(ABpl and ABpr). At the molecular level, they show that these structures are triggered by non-
canonical Wnt signaling, well-known for its roles in planar cell polarity. The timing of these
movements appears to be dictated by the division of the neighboring EMS cell. The authors show that the extension of the
ventral protrusion of the ABpl cell coincides with the EMS cell forming a contractile ring, and evidence of direct causality is
obtained in experiments in which EMS cell division is delayed by irradiation. Thus, these finding unexpectedly link cell-cycle
duration and symmetry breaking and point to signaling mechanisms, yet to be fully explored, that mediate communication
between the EMS cell and the ABpl cell.
C. Pohl and Z. Bao (2010). Dev. Cell 19, 402–412.Wnt Signals Do the Electric Slide
In vertebrates, some regions of the myocardium propagate electrical signals faster than others. In recent work, Pana´kova´
et al. (2010) carefully document the origins of this electrical polarity in zebrafish development and uncover the patterning
signals that give rise to it. They visualize the timing of electrical activation across the myocardium by imaging of fluorescentCell 143, October 1, 2010 ª2010 Elsevier Inc. 5
An isochronal map of a zebrafish embryonic heart
at 72 hr post-fertilization demonstrating the gra-
dient of conduction velocities that forms between
the outer curvature (OC) and the inner curvature
(IC). Image courtesy of C. MacRae.dyes sensitive to transmembrane potential and focus their effort on the
observed differences in the conduction velocities between the myocardial
inner curvature (the future base of the ventricle) and the outer curvature
(the future apex of the ventricle). These regional differences do not appear
to arise from intrinsic variation in the prevalence of gap junctions, nor are
they are consequence of the physical effects of heart contraction. Instead,
the authors present evidence implicating the morphogen Wnt11 in estab-
lishing the gradient. Surprisingly, this effect is independent of Wnt11’s role
in planar cell polarity and instead is due to the regulation of a transmembrane
conductance by L-type Ca2+ channels. The pharyngeal arches, which reside
next to the heart, are the apparent source of endogenous Wnt11. Although
additional work is needed to connect the dots between Wnt11 and L-type
Ca2+ channel regulation, this report is likely to motivate efforts to re-examine
the impact of Wnt11 signaling on electrically coupled tissues, such as
epithelia.
D. Pana´kova´ et al. (2010). Nature 466, 874–878.In mice, Robo3-expressing commissural
interneurons (top) ensure left-right syn-
chronous activity (bottom) of the preBo¨t-
zinger complex.Generating Rhythm in a Roundabout Way
The regulation of breathing arises from a population of neurons in the brain stem,
known as the preBo¨tzinger complex (preBo¨tC), which establishes the rhythm that
drives motor neurons controlling muscles for breathing. Bouvier et al. (2010) now
examine how interneurons of the preBo¨tC are specified during development. Given
that breathing requires coordination of movement between the left and right sides
of the body, their efforts were motivated in part by prior evidence demonstrating
that neurons that control walking movements (that is, left-right alternation) in mice
derive from neural progenitors that express the homeobox protein Dbx1.The authors
examine the consequences of Dbx1 deficiency and show that Dbx1 null mutants die
at birth due to a lack of breathing movement. This appears to result from the loss of
glutamatergic interneurons that generate the preBo¨tC rhythm. Having identified this
critical preBo¨tC population, they further assess the consequences of disrupting
neuronal communication across the midline by inactivating the axon guidance
receptor roundabout homolog 3 (Robo3) during development in Dbx1-derived
neurons. Interestingly, these mice exhibit preBo¨tC rhythms that are not synchronized
between the left and right sides, which may account for their premature death as
neonates. The authors make the interesting speculation that left-right asynchrony
in diaphragm contractions could contribute to the abnormal posture of individuals
with horizontal gaze palsy with progressive scoliosis (HGPPS), a syndrome that is
linked to mutations in human ROBO3. Having identified this population of commissural interneurons, future work may
shed light on how the circuit dynamics synchronize the activities of the left and right preBo¨tC regions.
J. Bouvier et al. (2010). Nat. Neurosci. 13, 1066–1074.
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